The experiment was conducted to assess the effects of maternal nutrition in late gestation on glycogen pools of newborn piglets of different birth weights and to assess how rapidly the glycogen pools in the liver and 3 muscles are mobilized during fasting. Until d 108 of gestation, 48 sows were fed a gestation standard diet (GSD) with low dietary fiber (DF, 17.1%), or 1 of 3 diets with high DF (32.3 to 40.4%) consisting of pectin residue (GPR), potato pulp (GPP), or sugar-beet pulp (GSP). From d 108 until farrowing, sows were fed 1 of 6 transition diets with low or high dietary fat: one group received a standard diet (TSD; control) containing 3% animal fat, another group received the TSD diet + 2.5 g/d of hydroxy-methyl butyrate as topdressing (THB), and 4 other groups received diets with 8% added fat from coconut oil (TCO), sunflower oil (TSO), fish oil (TFO), or 4% octanoic acid + 4% fish oil (TOA). Two piglets per litter (the second and fifth born) were blood sampled, and 1 was killed immediately after birth, whereas the other, depending on the litter, was killed after 12, 24, or 28.5 to 36 h (mean 32.5 h) of fasting. Samples of liver, LM, M. semimembranousus (SM), and M. diaphragm (DP) were collected and analyzed for glycogen concentration. No dietary effects (P > 0.20) on glycogen concentrations in liver, LM, SM, or DP were observed. The weight of the liver was affected by gestation diet (P < 0.05) and was greater in GSD and GSP piglets (36.7 and 36.3 g) than in GPR piglets (32.6 g), and intermediate (33.6 g) in GPP piglets. Liver weight, estimated muscle mass, and glycogen pools (P < 0.001) were affected by birth weight, whereas glycogen concentrations in liver and LM, SM, and DP muscles were not (P > 0.05). Liver weight; glycogen concentrations in liver, LM, SM, and DP; and glycogen pools in liver and muscles decreased (P < 0.001) with increasing duration of fasting, and at 32.5 h of fasting, glycogen concentration was reduced by 80% in liver, 64% in DP, 46% in SM, and 36% in LM. Based on a broken-line model, labile glycogen in SM, a locomotory muscle, was estimated to be depleted after 16.4 h of fasting. In conclusion, piglet size had a major impact on estimated glycogen pools, whereas sow nutrition in late gestation had a minor impact, if any. Furthermore, varying proportions of pools of glycogen present in liver and selected muscles were mobilized, and data indicate that newborn piglets are fatally depleted of energy after 16 h of fasting.
INTRODUCTION
Mortality of piglets is increased during the first few days of life, and most deaths are caused by inadequate energy supply (Pettigrew, 1981) , with mortality rates being greatest for small-born piglets (Akdag et al., 2009) . The perinatal period is associated with abrupt changes in energy supply because newborn piglets rely on body energy reserves to maintain glucose homeostasis until intake of colostrum and milk can meet their energy demand. Thus, energy reserves at birth are crucial to ensure piglet survival. Piglets have no or limited capacity (and capability) to oxidize fat and protein (Marion and Le Dividich, 1999) and mobilization of glycogen from liver and muscles is essential for neonatal survival.
Gestating sows are commonly fed a diet rich in fiber until late gestation, and then a fat-rich, energy-dense transition diet, and this dietary shift coincides with glycogen deposition in the fetuses (Père, 2003) . Piglet mortality can be reduced if sows are fed either hydroxymethyl butyrate (Nissen et al., 1994) or medium-chain fatty acids (FA; Azain, 1993; Jean and Chiang, 1999) in late gestation. The beneficial effect of hydroxy-methyl butyrate is associated with increased colostral fat, whereas the reason for the beneficial effect of mediumchain FA remains unknown, although it is likely due to stimulated glycogen deposition in fetuses or improved colostrum yield of sows. Some FA have unique bioactive effects (Jump, 2002) , depending on, for example, chain length and degree of saturation, and short-chain FA (from fermented fibers) and medium-to long-chain FA from dietary origin in sow plasma may affect fetal glycogen deposition in late gestation.
The purposes of the study were to evaluate whether gestation diets with contrasting amounts of dietary fiber (DF) and transition diets with varying contents of medium-and long-chain FA affect piglet glycogen pools at birth, and to assess the rate and degree of depletion of various glycogen pools in fasted newborn piglets.
MATERIALS AND METHODS
Blood sampling, housing, and rearing were in compliance with Danish laws and regulations for the humane care and use of animals in research [The Danish Ministry of Justice, Animal Testing Act (Consolidation Act No. 726 of September 9, 1993, as amended by Act No. 1081 of December 20, 1995) ]. Furthermore, the Danish Animal Experimentation Inspectorate approved the study protocols and supervised the experiment. The health of the animals was monitored, and no illnesses were observed.
Sows and Feeding
A total of 48 second-parity sows (Landrace × Yorkshire) from the herd at the Research Centre Foulum (Faculty of Agricultural Sciences, Foulum, Aarhus University) were included in the experiment in 3 blocks (n = 10, 19, and 19 for blocks 1, 2, and 3, respectively). From mating until d 108 of gestation, sows were fed either a gestation standard diet (GSD) with low DF (17.1%) based mainly on barley, wheat, and soybean meal, or 1 of 3 diets with high DF (32.3 to 40.4%) originating from pectin residue (GPR), potato pulp (GPP), or sugar-beet pulp (GSP). On d 108, sows were moved to farrowing crates and diets were changed to transition diets in a balanced 4 × 6 split-plot design (Figure 1 ). Thus, during the last week before expected farrowing, groups of 8 sows were fed 1 of 6 transition diets: a standard diet (control) containing 3% animal fat (TSD), a transition standard diet + 2.5 g/d of hydroxyl-methyl butyrate (VWR-Bie & Berntsen, Herlev, Denmark) supplied as a 1.25-g of topdressing at every meal (THB), and transition diets with 8% supplemented fat from coconut oil (TCO), sunflower oil (TSO), fish oil (TFO), or 4% octanoic acid [C:8 (Edenor), Azelis Nordic-Brøste A/S, Kgs. Lyngby, Denmark] + 4% fish oil (TOA). The TSD and THB diets were rich in long-chain FA but had an intentionally reduced content of crude fat compared with other transition diets; TCO was rich in saturated medium-chain FA; TSO was rich in polyunsaturated long-chain FA; TFO was rich in mono-and polyunsaturated long-chain FA; and TOA was rich in both saturated medium-chain FA and in mono-and polyunsaturated long-chain FA.
The gestation diets and transition diets were formulated to ensure optimal supply of macronutrients and energy for pregnant and lactating sows, respectively (Tables 1 and 2 ). Feed was offered restrictedly twice daily, and sows received the same amount of energy (i.e., 32 to 38 MJ of ME/d) from service until d 112 of gestation (2.6 to 3.0 kg feed daily), and 22 MJ of ME/d from d 113 until farrowing (1.8 to 2.0 kg feed daily). All sows were given a small amount of chopped straw daily and were loose-housed in groups of 3 sows per pen in the gestation stall. Throughout the experiment, sows had free access to water.
Piglets
Individual piglets were weighed at birth and at the time of death to the nearest 5 g. Piglets with birth weight ≥1.00 kg were numbered according to birth order, and 2 piglets per litter (the second and fifth born piglets) were killed; one pig in each litter was killed immediately after birth (n = 48), but depending on the litter, second pigs were fasted for 12 h (n = 16), 24 h (n = 16), or a maximum of 36 h (n = 16) and then killed. To evaluate effects of birth weight on piglet traits, piglets were categorized according to birth weight (1.0 to 1.2, 1.2 to 1.4, 1.4 to 1.6, 1.6 to 1.8, or >1.8 kg). Piglets selected for fasting were removed from the sow and housed in another pen with other fasting piglets to avoid any intake of colostrum or milk. The piglets had access to straw and a heating lamp, and they were given water orally every second hour to avoid dehydration. When water was supplied, the condition of the piglet was evaluated, and if the piglet started acting listless, it was killed regardless of the scheduled fasting period. Before piglets were killed, a blood sample (9 mL) was collected by venipuncture and analyzed for plasma glucose (Accu-Chek, Kirudan A/S, Brøndby, Denmark) and hematocrit. At the time of the death, the liver was weighed and samples of liver, LM, M. semimembranosus (SM) and M. diaphragm (DP) were snapfrozen in liquid nitrogen and stored at −80°C until analyzed for glycogen concentration. Furthermore, samples of liver and LM were stored in RNAlater (R0901, Sigma-Aldrich, Glostrup, Denmark) for 24 h and then stored at −80° until RNA extraction. The selected muscles were chosen due to their different metabolic characteristics (Huber et al., 2007) , which are associated with their function.
Analyses
Diets. The DM content was measured by drying to constant weight (mostly 20 h) at 103°C, and ash was analyzed according to the AOAC (1990) method. Nitrogen was measured by the Dumas method (Hansen, 1989) , and protein was calculated as N × 6.25. Gross energy was determined with an adiabatic bomb calorimeter (IKA-C 400, IKA Werke, Janke & Kunkel, Staufen, Germany). Dietary contents of sugars (glucose, fructose, and sucrose) were analyzed as described Gestation standard diet (GSD), gestation pectin residue (GPR), gestation potato pulp (GPP), and gestation sugar beet pulp (GSP). (44) 276 (52) 384 (172) 350 (146) 146 (37) 146 (37) 140 (39) 138 (39) 139 (39) 139 ( (44) 323 (52) 404 (172) 367 (146) 170 (37) 170 (37) 161 (39) 162 (39) 163 (39) 170 ( Medium-chain fatty acids (C8 to C14), long-chain fatty acids (C16 to C22).
by Larsson and Bengtsson (1983) , and starch and nonstarch polysaccharides as described by Bach Knudsen (1997). Klason lignin was measured as the sulphuricacid insoluble residue as described by Theander and Åman (1979) . Fat was extracted with a monophasic mixture of chloroform, methanol, and water after hydrochloric acid hydrolysis as described by Bligh and Dyer (1959) , and FA (≥C8) were determined by GLC (capillary) after saponification and methylation, as described by Rotenberg and Andersen (1980) , with substitution of hexane with heptanes and with C17:0 as the internal standard. Liver and Muscle Tissues. To assess glycogen concentration, 25 mg of liver or muscle samples were heated with 1 mL of 1 M HCl at 100°C for 2 h in sealed glass tubes to hydrolyze the glycogen to glucose units and then centrifuged at 1,500 × g for 10 min at 4°C. Glucose was measured spectrophotometrically as outlined by Lowry and Passonnneau (1973) using an auto-analyzer (COBAS MIRA-plus, Roche, Hvidovre, Denmark).
Real-Time, Reverse-Transcription PCR. Sample preparation, RNA extraction, cDNA synthesis, and real-time reverse-transcription PCR are described in detail by Theil et al. (2006) . In short, purified RNA was reversely transcribed with oligo-dT and random hexamer primers and Superscript III RNase H reverse transcriptase kit (Invitrogen, Taastrup, Denmark). Reverse-transcribed material (1 μL) was amplified with master mix (TaqMan Universal PCR Master Mix, Applied Biosystems, Stockholm, Sweden) and detected quantitatively by fluorescent minor groove binding probes (ABI 7900 HT; Applied Biosystems). Primers and probes were designed specifically for each gene by using software (Primer Express 2.0; Applied Biosystems). Details of primer/probe design are given in Table 3 . Amplicon length was tested after real-time reverse-transcription PCR analysis on a 2% agarose gel, and agreed with the predicted length based on the nucleotide sequences (data not shown). Expression of target genes was analyzed in duplicate and normalized according to expression of hypoxanthine phosphoribosyltransferase and β-actin (housekeeping genes) that were analyzed in triplicate.
Calculations and Statistical Analysis. The content of glycogen in liver and muscle tissues was calculated based on glycogen measurements (in μmol/g of wet weight) and molecular weight of glycogen (162 g/ mol) using the following equation:
glycogen content, g of glycogen/g of tissue = glycogen concentration (μmol/g) × 162 (g/mol) × 10 −6 (mol/μmol).
[1]
Muscle mass of piglets, including weight of glycogen, was estimated based on birth weight, carcass-to-BW ratio (0.795; Jean and Chiang, 1999), protein content of carcass in newborn piglets (12.06%; Pastorelli et al., Table 3 . Names, abbreviations, accession numbers and designs 2009), and water retention associated with protein retention (1 g of protein binds 4.2 g of water; Noblet and Etienne, 1987) using the following equation:
The glycogen pool in muscles was calculated using the mean glycogen concentration in the 3 muscles (LM, SM, and DP) and the estimated muscle mass of piglets from Eq. [2]: glycogen pool in muscles, g = mean muscle glycogen content (g/g) × muscle mass (g).
[3]
The glycogen pool in liver was calculated as glycogen pool in liver, g = glycogen content of liver (g/g) × liver weight (g).
[4]
The total glycogen pool was calculated as total glycogen pool, g = glycogen pool in muscle (g) + glycogen pool in liver (g).
[5]
The rate of glycogen depletion was calculated for each tissue and each 12-h period as rate of glycogen depletion, g/h = glycogen pool (0 h of fasting) − glycogen pool (12 h of fasting)/12 h.
[6]
To evaluate mRNA quantities, data were obtained as the cycle number at which logarithmic plots cross a calculated threshold line (Ct) according to the manufacturer's guidelines, and were used to determine ΔCt values (ΔCt = Ct of the target gene − Ct of the housekeeping gene). Transcription of β-actin and hypoxanthine phosphoribosyltransferase was tested using the total RNA concentration (μg/mL) as a covariate and found to be applicable as suitable housekeeping genes. To exclude potential bias because of averaging data that had been transformed through the equation 2 −ΔΔCt , all statistics were performed at the ΔCt stage. Thus, least squares means of ΔCt values of target genes were normalized to the level observed for the control (GSD, transition standard diet, 0 h of fasting, or lightest BW category of piglets) by calculating the ΔΔCt values [ΔCt observed at a given diet/(stage·group) − ΔCt observed for the control], and the relative mRNA quantity was calculated by using the following formula: relative transcription = 2 −ΔΔCt . Efficiencies below 100% in the PCR reactions were accounted for by adjusting the base number when transforming ΔΔCt values into relative transcription abundance.
Normal mixed models (MIXED procedure; SAS Inst. Inc., Cary, NC) were used to describe piglet traits according to the following model:
where Y ijklms is the trait (e.g., glycogen pool) related to the nth piglet from the sth sow, μ is the overall mean, α i is the effect of gestation diet (i = GSD, GPR, GPP, GSP), β j is the effect of transition diet (j = TSD, THB, TCO, TSO, TFO, TOA), αβ ij is the interaction between gestation and transition diets, γ k is the effect of block (k = 1, 2, 3), δ l is the effect of piglet size category (l = 1.0 to 1.2, 1.2 to 1.4, 1.4 to 1.6, 1.6 to 1.8, >1.8 kg), χ m is the effect of fasting period (m = 0, 12, 24, and 32.5 h), λ n is the effect of birth order (n = 2 or 5), υ s is the random component related to the sow, and ε ijklmns is the residual error component. The sow was included as a random component to account for repeated measurements (2 piglets per sow were killed). The random and residual error components were assumed to be independent and normally distributed, and their expectations were assumed to be zero.
RESULTS

Effects of Gestation and Transition Diets
The low fiber GSD contained 171 g of DF/kg of DM, whereas the 3 high DF diets contained 323 to 404 g of DF/kg of DM (Table 2 ). The content of fiber was slightly greater in the GPP diet and slightly less in the GPR diet than intended (350 g of DF/kg of DM). The high DF diets with potato (GPP) and sugar beet pulp (GSP) had a relatively high content of soluble nonstarch polysaccharides (146 to 172 g/kg of DM), whereas the content was less in the GPR diet (52 g/ kg of DM) and in the GSD diet (44 g/kg of DM). The high DF diets contained 3-to 4-fold more cellulose (91 to 121 g/kg of DM) than did the GSD diet (30 g/kg of DM). The starch content was greatest in the GSD diet (519 g/kg of DM) because inclusion of DF at greater amounts was done mainly at the expense of starch. The starch content in the 3 high-fiber gestation diets ranged from 304 g/kg of DM (GPP) to 425 g/kg of DM (GPR). The other macronutrients among the gestation diets were comparable.
The fat content in TSD and THB diets amounted to 7.2% of DM, whereas the addition of 8% fat provided diets with crude fat contents in the range between 10.0% (TSO) and 10.6% of DM (TOA). The difference in crude fat content in diets supplemented with 3% animal fat (TSD and THB) and 8% added fat from different oils was less than expected (2.8 to 3.4 percentage units) due to a slightly less fat content in the high fat diets than expected. In general, analysis of the FA composition of the experimental diets reflected the FA composition of the added fat source (data not shown). The TSD and THB diets had similar amounts of SFA, MUFA, and PUFA (Table 2 ). The TCO diet was rich in medium-chain FA (C8:0 to C14:0); the TSO diet contained a greater content of MUFA (21 mg/kg) and PUFA (55 mg/kg), with major contents of C18 FA. The TFO diet was rich in MUFA and PUFA (32 and 23 mg/ kg, respectively), whereas the TOA diet had a greater content of medium-chain and SFA than the TFO diet due to substitution of 4% fish oil with 4% octanoic acid. The other macronutrients among the transition diets were comparable.
No interactions (P > 0.10) between gestation and transition diets on any of the response criteria were found. In addition, no differences (P > 0.20) because of the diets were observed for piglet birth weight, glycogen concentrations and pools in liver and muscles, and transcription of glycogenolytic genes in liver and muscles (Table 4) . However, piglet BW loss was affected by gestation diets (P = 0.05; least in GPR and greatest in GSP and GPP piglets), and weight of liver was affected by gestation diets (P < 0.05; heaviest livers in GSD and GSP piglets, lightest in GPR piglets) and tended to be affected by transition diet (P = 0.09; greatest in TSO diet and least in TSD diet). Furthermore, transition diets tended to affect plasma glucose in piglets (P = 0.10) with greatest concentrations in THB, TFO, and TOA piglets (3.6 to 4.0 mM) and least concentrations in TSD, TCO and TSO piglets (3.0 to 3.2 mM). Transcription of glycogenolytic genes (phosphorylase kinase, glycogen debranching enzyme, and glycogen phosphorylase) in liver and in LM was not affected (P > 0.07) by gestation or transition diets (data not shown).
Effects of Piglet Size
Liver and muscle mass and glycogen pools in liver, muscle, and thus total glycogen pool were greater (P < 0.001) in larger piglets (Table 5) , whereas no effects (P > 0.06) of BW were observed on glycogen concentrations in liver and muscle tissues, or on plasma glucose and hematocrit. When expressed per kilogram of BW, the total glycogen pools amounted to 25.3, 26.8, 29.1, 28.3, and 28.3 g/kg for piglets weighing 1.0 to 1.2, 1.2 to 1.4, 1.4 to 1.6, 1.6 to 1.8, and >1.8 kg, respectively. Transcription of glycogenolytic genes (phosphorylase kinase, glycogen debranching enzyme, and glycogen phosphorylase) in liver and in LM was not affected (P > 0.05) by piglet size (data not shown).
Effects of Fasting
All piglets selected for 0, 12, or 24 h of fasting were killed at the planned time, whereas 10 of 16 piglets that were planned to fast for 36 h were killed before, as they were acting listless (8 were killed after 28.5 to 31 h, and 2 after 32 to 34 h of fasting). On average, this group fasted 32.5 ± 0.8 h (range 28.5 to 36 h), and hence data are presented according to this mean value. In general, the duration of fasting had a major impact on most of the observed traits related to piglet performance (P < 0.001; Table 6 ). At birth, the glycogen concentration was greatest (P < 0.05) in the liver (9.6% of wet weight), followed by SM (8.4%), DP (7.3%), and least in LM (6.5%). After 32.5 h of fasting, the order was almost reversed [i.e., the glycogen concentration was least (P < 0.01) in liver (1.9%) and DP (2.6%) and greatest in LM (4.2%) and SM (4.5%)]. Hence, after 32.5 h of fasting, glycogen concentration was reduced by 80% in liver, 64% in DP, 46% in SM, and 36% in LM. However, the depletion profiles differed between tissue sites (Figure 2) with a continuous reduction throughout the period in LM, DP, and liver, whereas in SM, labile pools of glycogen were depleted well before 24 h of fasting. Using a broken-line model to fit the glycogen depletion, the amount of labile glycogen (46%) in SM was depleted after 16.4 ± 1.4 h of fasting (Figure 3) . During the first 12 h of fasting, a total of 17.5 g was mobilized from total glycogen pools, whereas 5.7 and 6.3 g of glycogen were mobilized from 12 to 24 h and from 24 to 32.5 h, respectively. Mobilization of liver glycogen amounted to 2.5, 1.0, and 0.5 g during the 3 fasting intervals (0 to 12, 12 to 24, and 24 to 32.5 h). Concentrations of plasma glucose were decreased at birth, peaked at 12 h, and were then reduced (P < 0.001). In contrast, the hematocrit was not affected by the fasting periods.
Using the mean values at 0, 12, 24, and 32.5 h of fasting, the glycogen depletion rates in liver and in muscles was calculated for the 3 fasting intervals (0 to 12, 12 to 24, and 24 to 32.5 h), and these values were compared with mean transcription abundance at 0, 12, and 24 h, respectively, of phosphorylase kinase, glycogen debranching enzyme, and glycogen phosphorylase at 0, 12, 24 h, respectively, in liver and LM (Table 7) . The glycogen depletion rate was highly correlated to hepatic transcription of phosphorylase kinase (r = 0.98, P = 0.14), and the depletion rate in muscles was highly correlated to transcription of glycogen debranching enzyme and glycogen phosphorylase (r = 0.98, P = 0.13 and r = 0.94, P = 0.22, respectively), although the correlations did not reach statistical significance because of the limited number of observations (n = 3 fasting intervals).
DISCUSSION
Piglets are born with very small energy stores (Noblet et al., 1997; Le Dividich et al., 2005) , and they have a limited capacity of oxidizing FA and AA (Pettigrew, 1981; Mersmann et al., 1984; Marion and Le Dividich, 1999) . Thus, glycogen deposited during the fetal stage is the primary substrate for oxidation immediately after birth, until intake of colostrum and milk ensures adequate supply of nutrients for oxidation. Insufficient energy supply from degraded glycogen or ingested colostrum and milk is probably the main cause of death before weaning (Pettigrew, 1981) . Piglet mortality has increased in Europe during the last decade and is Means within rows with different superscripts differ within gestation or within transition diets (P < 0.05).
1 n = 12 sows per dietary group (gestation diet) and n = 8 sows per dietary group (transition diet).
2 Gestation standard diet (GSD), gestation pectin residue (GPR), gestation potato pulp (GPP), and gestation sugar beet pulp (GSP). likely associated with selection for increased litter size because birth weight and piglet survival is negatively correlated to litter size (Akdag et al., 2009) . Another plausible explanation for the increased piglet mortality is that selection of pigs for reduced carcass fatness at slaughter has resulted in leaner piglets at birth (Herpin et al., 1993) with lighter livers and less deposition of liver glycogen. Therefore, if glycogen deposition in fetuses can be stimulated by dietary means in late gestation, it will be advantageous for neonatal survival. In the present study, it was evident that glycogen pools increased in a linear fashion with increasing birth weight and that this was due to increasing liver and muscle mass but not due to different glycogen concentrations. In pig fetuses, deposition of glycogen in the liver and skeletal muscles occurs at a greater rate during the last 2 to 4 wk prepartum (Père, 2003) . Typically, sows are exposed to a dietary change from a gestation to a transition diet (or more commonly a lactation diet) approximately 1 wk before farrowing, and therefore, both gestation and transition diets may have an impact on the glycogen deposition in fetuses. Gestation diets are commonly quite rich in DF, either to reduce the price of the feed, to improve the health or welfare of the sows, Means within rows with different superscripts differ (P < 0.05).
1 SEM = greatest SEM within a fasting period. Means within rows with different superscripts differ (P < 0.05).
1 SEM = greatest SEM within a fasting period. or to comply with national legislation, but typically not as great as in the present study. Sows in the current study were fed contrasting amounts of fiber until d 108 of gestation to evaluate the satiating properties of the fiber sources (M. B. Jensen, L. J. Pedersen, P. K. Theil, C. C. Yde, and K. E. Bach Knudsen, Aarhus University, Denmark, personal observations), and the greatest inclusion of fiber at the expense of dietary starch causes a shift in absorbed energy from glucose-derived energy toward a greater proportion of short-chain FA-derived energy (Serena et al., 2009) . However, in spite of the contrasting dietary content of fiber and starch, glycogen concentrations in liver and LM, SM, and DP muscles were not affected by the gestation diets, thereby indicating that absorbed glucose from the gastrointestinal tract was not a limiting factor for fetal glycogen synthesis even in sows fed restrictedly with high-fiber, low-starch diets from mating until late gestation. A minor beneficial effect of sugar beet pulp and the lowfiber standard gestation diet on liver weight of newborn piglets was observed, but it did not translate into substantially greater hepatic glycogen pools, and glycogen pools in muscles were also not affected by gestation and transition diets. In line with our findings, Pastorelli et al. (2009) reported no dietary effect on glycogen concentrations in muscles. Along with the present study, these findings indicate that glycogen pools are not (or only marginally) affected by diets during late gestation. A reasonable explanation is that maximal glycogen deposition is top priority for the sow during late gestation regardless of diet to maximize survival of the offspring.
In support of this, Yen et al. (1982) demonstrated that fasting late pregnant sows for 4 or 8 d (ending d 98 of gestation) did not reduce fetal glycogen pools. Several studies have indicated that addition of fat or starch to transition diets may increase the energy depots and survival rate of neonatal piglets, whereas other studies show no beneficial effects. Seerley et al. (1974) observed an increased liver glycogen concentration in newborn piglets from sows fed additional energy in the form of cornstarch from d 109 of gestation to parturition, and Jean and Chiang (1999) reported a stimulatory effect of coconut oil and medium-chain triglycerides on glycogen pools in pigs 4 h after birth, which was associated with a greater survivability of small-born piglets. In contrast, Boyd et al. (1978) observed no effect on liver glycogen concentration in piglets at birth from feeding either additional cornstarch or tallow as an energy source to sows from d 100 of gestation until farrowing, and Newcomb et al. (1991) found no effects when feeding sows with starch, soybean oil, or medium-chain triglycerides. Whether or not glycogen pools may be enhanced by nutritional means, the nutrition of late-pregnant sows is crucial for piglet survival (Azain, 1993; Jean and Chiang, 1999; Foxcroft et al., 2009) . The mechanism whereby survival may be improved is unknown but could be due to greater energy depots (glycogen pools) at birth as reported by Jean and Chiang (1999) or a greater colostrum production of sows when fed medium-chain triglycerides. In the present study, the 2 diets with 8% coconut oil or 4% octanoic acid + 4% fish oil, rich in medium-chain FA, were included to evaluate whether these FA had a beneficial effect on aspects related to piglet survival. In addition, hydroxy-methyl butyrate, which has been demonstrated to improve piglet survival by increasing the energy content of the colostrum of the sow, was tested in the present study to evaluate whether the beneficial effect of hydroxy-methyl butyrate also involved stimulation of glycogen pools. However, no positive effects on glycogen pools or plasma glucose concentrations were observed when including coconut oil (47 g/kg of DM of medium-chain FA), octanoic acid (27 g/kg of DM of medium-chain FA), or hydroxy-methyl butyrate (2.5 g/d supplied as topdressing). Even though the present study focused on glycogen pools and depletion rates in piglets with a relative high chance of survival (birth weight >1,000 g), our data do not lend support to the theory that piglet survival may be improved by stimulating glycogen deposition in fetuses in late gestation. Glycogen concentrations are much greater in newborn piglets than in growing pigs because fetuses before parturition literally are loaded with glycogen (Fowden et al., 1985) , being ready for degradation once the piglet is born. In the present study, relative transcription of all glycogenolytic genes was in general greater at 0 h compared with 12, 24, and 32.5 h of fasting (data not shown), indicating that glycogen degradation is increased already at birth. During the first day of life, glycogen was mobilized faster from the liver than from muscle tissues, which is in line with other studies (Okai et al., 1978; Le Dividich et al., 2005) even though piglets in the present study were fasted and piglets in the 2 other studies had access to the sow and thus consumed various amounts of colostrum. These findings indicate that mobilization of glycogen pools is not dependent on consumption of colostrum, even though it would be logical to assume that colostrum intake would spare glycogen mobilization. However, glycogen is not an efficient energy store because 1 g of glycogen is retained along with 4 g of water. Indeed, in the newborn pig, approximately one-half of the liver weight is glycogen and associated water. Based on these facts, we hypothesize that glycogen is mobilized in newborn piglets irrespective of their colostrum intake.
Glycogen pools in liver and muscles have different purposes. Hepatic pool of glycogen is utilized primarily for glucose homeostasis and thus supplies energy to all organs, whereas glycogen pools in different muscles are utilized for maintaining body temperature (shivering thermogenesis) and for physical activity (Elliot and Lodge, 1977) . Glycogen exists in 2 forms: acid-soluble, high molecular weight macro-glycogen and acid-insoluble, low molecular weight pro-glycogen (Lomako et al., 1991) . These 2 glycogen pools seem to be metabolically distinct, and degradation of pro-and macro-glycogen is prevalent during anaerobic and aerobic exercise, respectively (Shearer et al., 2000) . However, it is not known how degradation of pro-and macro-glycogen is regulated during fasting. In the present study, glycogen depletion continued in all studied tissues from 0 until 32.5 h after birth, except for the SM muscle. In all tissues, depletion rate was greater during the first 12 h as compared with the next 12-h interval, and in all tissues but SM, the depletion rate again increased when fasting exceeded 24 h. It is possible that these changes in depletion rates reflect altered distribution (of proand macro-glycogen) of the remaining glycogen pools. The depletion profile of glycogen in SM was different from those observed in liver, LM, and DP, and glycogen seemed to reach a plateau after 16 h of fasting, indicating that all labile glycogen in SM muscle was mobilized at that time. This finding also indicates that the capability of piglets to walk around comes to an end within 16 h after birth unless they ingest colostrum, likely because muscles in the thigh are depleted of energy and the liver is no longer able to support locomotory muscles by maintaining glucose homeostasis. However, it cannot be concluded whether the glycogen depletion in SM is a cause or a consequence of low metabolic energy, that is, whether the decreased glycogen in SM is preventing the piglet from moving around or whether a low energy status systemically is preventing the piglet from moving, thereby causing no further glycogen mobilization from the thigh.
In conclusion, gestation and transition diets did not have major impact on glycogen pools or on mobilization of glycogen. Heavy piglets had larger glycogen pools in liver and muscles because of larger organs, whereas the glycogen concentration was comparable in small, medium, and large piglets. These findings along with the existing knowledge from the literature indicate that deposition of fetal glycogen pools have a high priority and therefore are rather robust against dietary manipulations. Degradation of glycogen was high already at birth underlining that oxidation of glycogen is of major importance for piglets during the transition from fetal to extra-uterine life. The labile glycogen pool was depleted after 16 h of fasting in SM and indicates that energy reserves at birth are sufficient to support normal activity during 16 h for a newborn piglet.
